Introduction
Human parainfluenza virus (HPIV) has been reported as a significant cause of morbimortality in patients diagnosed with acute leukemia [1] . In fact, mortality reaches 30-75 % during aplasia after hematopoietic stem cell transplantation (HSCT) [2] [3] [4] . Human parainfluenza virus type 3 (HPIV-3) causes bronchiolitis and pneumonia in children \6 months old, and mild respiratory tract infections in both immunocompetent children and adults during the spring and summer months. Outbreaks of severe pneumonitis due to HPIV-3 have been previously described in immunocompromised patients, particularly after HSCT [2, 3, 5] . Therefore, a rapid screening of HPIV-3 in symptomatic patients at risk is indicated to investigate and control nosocomial transmission. Multiplex real-time polymerase chain reaction (PCR) is a rapid method that allows the simultaneous identification of several respiratory viruses [6] .
We describe an outbreak of HPIV-3 infection in a pediatric hemato-oncology ward, detected through multiplex real-time PCR.
Methods
A retrospective observational study was conducted in children diagnosed with acute leukemia and a documented HPIV-3 infection in the context of a nosocomial (HPIV-3) outbreak which occurred in the University Hospital Sant Joan de Deu during June and July 2012. This hospital is a pediatric reference center with 365 beds, located in Barcelona, Spain.
Screening of viral respiratory infection was routinely performed by a rapid multiplex real-time PCR. Phylogenetic analysis was performed in order to prove a person-to-person transmission. The hemagglutinin-neuraminidase (HN) gene has a single open reading frame (ORF) of 1,719 nucleotides that encodes a polypeptide of 572 amino acids. Almost complete HN coding sequence (1,703 bp) from laboratory-confirmed HPIV-3 specimens collected during the study period was amplified by one-step RT-PCR and sequenced using primers as previously described [7] , with minor modifications. In addition, other HPIV-3-positive samples collected after and before the outbreak occurred were also included in the phylogenetic analysis (collection dates are shown in brackets of taxon names of the phylogenetic tree, Fig. 1 ). Purified PCR products using ExoSAP-IT (USB, Affymetrix, Inc., Cleveland, OH, USA) were sequenced by the ABI Prism BigDye Terminator Cycle Sequencing Kit v3.1 on an ABI PRISM 3130XL sequencer (Applied Biosystems, Foster City, CA, USA). The nucleotide sequences were assembled and edited using SeqScape v2.5 software (Applied Biosystems, Foster City, CA, USA). Sequences were aligned using the MUSCLE program, implemented in MEGA 5.1 [8] . The molecular evolutionary models of nucleotide substitution were fitted to the multiple sequence alignments using evolutionary analyses conducted in MEGA 5.1. The phylogenetic trees were reconstructed using a neighborjoining distance method as implemented in MEGA 5.1 with the evolutionary model with the lowest Bayesian information criterion score. All positions containing gaps and missing data were eliminated. Reliability for the internal branch was assessed using the non-parametric bootstrap analysis with 1,000 replicates.
Demographic information, clinical characteristics, laboratory data, diagnostic procedures, therapy, and outcome were collected from immunocompromised children with fever and respiratory symptoms, or in immunocompetent patients with severe pneumonia and no other etiologic diagnosis. Finally, infection control measures and followup of the outbreak were revised.
Results
From January 2010 to August 2012, a total of 717 respiratory samples were studied with a multiplex real-time The evolutionary distances were computed using the TamuraNei method and are in the units of the number of base substitutions per site. The rate variation among sites was modeled with a gamma distribution (shape parameter = 0.12). Reliability for the internal branch was assessed using the nonparametric bootstrap analysis with 1,000 replicates. Only bootstrap value higher than 80 are shown PCR. Twenty-four were laboratory-confirmed for a single HPIV-3 infection, 11 out 24 were detected during JuneJuly 2012, and six of them were affected by acute leukemia.
Phylogenetic analysis constructed from the partial sequences of the HN gene showed that all 25 HPIV-3 strains were divided into three distinct clusters (A, B, and C) with bootstrap values close to 100 %, as shown in Fig. 1 (collection dates are shown in brackets of taxon names of the phylogenetic tree). In the most represented genetic clade (A), eight HPIV-3 contemporary strains, collected during July 2012, clustered together (bootstrap value = 94) and were accompanied by other genetically close HPIV-3 strains, which were collected within or out of the 3-month study period.
The median age of the six patients was 7 years (range 20 months to 16 years). Three patients were diagnosed with acute lymphoblastic leukemia (ALL), two with acute myeloid leukemia (AML), and one with relapsed ALL. Five patients had been discharged after receiving intensive chemotherapy in the hematology ward during the week previous to the symptoms onset, whereas one patient, under reverse isolation for neutropenic fever, had been admitted a month before.
All these patients had fever and upper respiratory tract infection (URTI) symptoms and received empirical widespectrum antimicrobial therapy according to our unit's protocol for fever in neutropenic patients after (collecting) obtaining blood and urine samples for bacteriological studies.
Three patients had self-limited fever and URTI episodes (5-10 days). A 10-year-old boy developed bronchospasm without radiographic evidence of lung condensation, and a 5-year-old girl had evidence of pneumonia. In a 22-monthold boy with persistent fever, a thoracic computed tomography (CT) scan was performed, which showed unspecific peribronchial inflammation. In these three patients, symptoms disappeared when hematologic recovery took place.
BAL specimens from two patients who were admitted to the intensive care unit (ICU) were positive for HPIV-3. A 20-month-old male diagnosed with AML had to be admitted to the ICU for severe Streptococcus mitis sepsis. He was in complete remission and presented this complication during aplasia after consolidation chemotherapy treatment. He had prolonged fever and infant respiratory distress syndrome. He was treated with wide-spectrum antibiotics and invasive mechanical ventilation with a favorable outcome after hematologic recovery. A 16-yearold male with early relapsed ALL was admitted to the ICU for respiratory failure. He had been treated for a probable invasive fungal disease (lung aspergillosis) 2 months before this admission. He had clinical and radiological improvement with voriconazole treatment and has received secondary prophylactic treatment since then. Prior to the ICU admission, he had suffered from respiratory symptoms and fever for 10 days in the context of severe and prolonged aplasia after a clofarabine-containing regimen. Cytomegalovirus (CMV) and HPIV-3 were detected by PCR in the BAL specimen. A thoracic high-resolution CT showed new multiple small nodules suggestive of viral pneumonitis (Fig. 2e) . In spite of antibiotics, combined antifungal treatment, and foscarnet, the patient died due to respiratory worsening, diffuse alveolar hemorrhage, and multiorgan failure.
A 9-year-old girl, diagnosed with AML, had prolonged fever ([30 days) associated to URTI, a clinical and radiological pneumonia without respiratory insufficiency (Fig. 2d) , and parotitis lasting 4 days treated with nonsteroidal anti-inflammatory drugs (Fig. 2a-c) . HPIV-3 PCR was positive in both BAL and saliva. The fever disappeared after hematologic recovery.
Regarding HPIV-3, patients received symptomatic treatment but no specific therapy, except for the administration of intravenous immunoglobulin (IVIG) when IgG levels were lower than 3,000 mg/dL.
The first case of HPIV-3 infection was diagnosed in the last week of June, but only general infection control measures were adopted. After 2 weeks, a particular emphasis on hand washing and barrier nursing were adopted, adding to advice given to patients' carers to avoid contact with other people admitted in the ward. No more cases were diagnosed after that.
The nucleotide sequences of the present study were submitted to the GenBank database with accession numbers from KF217146 to KF217170.
Discussion
We describe a series of six pediatric patients with acute leukemia and HPIV-3 infection. Prompt diagnoses through multiplex PCR for respiratory viruses allowed us to take measures to fight against infection and to reduce the risk of viral transmission. A retrospective phylogenetic analysis of the coding sequence of the HN gene confirmed a nosocomial outbreak.
HPIV-3 causes a variety of seasonal respiratory syndrome infections. Symptoms usually are unspecific, but secondary immunosuppression due to chemotherapy and glucocorticoids has been related to the risk of progression from upper to lower tract disease [5] . In fact, we found 5 of 6 patients to have clinical and radiographic evidence of lower tract infection after URTI and fever.
Extra-respiratory manifestations of HPIV-3 infection can also occur. Lange et al. [9] described a 23-year-old male who received HSCT and had parotitis due to HPIV-3. As in our case, positive PCR for HPIV-3 in saliva, in spite of no histologic confirmation, led the authors to think that it was very likely the cause of this inflammation.
Regarding mortality, it is difficult to establish HPIV-3 as the direct cause of death in our patients because they had serious comorbidities. In fact, some authors did not associate any deaths to HPIV-3 infection in their series [2] , whereas others have described high mortality rates in hematologic patients infected with HPIV-3 alone [3] . We think that coinfection of HPIV-3 with other pathogens in our patients may have contributed to worsen the outcome, as lung inflammation can lead to a more severe respiratory insufficiency.
Of note, HPIV-3 infection can cause prolonged fever, as happened in one of our patients. Demonstration of HPIV-3 infection in a patient with persistent fever may help to orientate its origin. Although coinfection with other pathogens needs to be ruled out, extra diagnostic procedures and treatment to find the origin of the persistent fever must be conducted keeping it in mind. In regard to HPIV-3 diagnosis, multiplex real-time PCR has demonstrated to be a rapid, sensitive, and specific technique for the detection of several respiratory viruses in a single assay [6] . This is especially useful in immunocompromised patients, as it permits a prompt diagnosis during the early phase of the infection, when only slight symptoms have appeared. On the other hand, when this test cannot be performed, other radiological findings could help to suspect this infection, such as the presence of multiple small and non-cavitating nodules with irregular margins, which has been specifically related with HPIV-3 infection, although consolidation has been described too [10] .
A prompt identification of these patients with real-time PCR or both clinical and radiological findings leads not only to an accurate diagnosis, but an adequate isolation of these patients to avoid a nosocomial outbreak. In fact, as HPIV-3 is stable for hours in the environment and spread by direct contact, asymptomatic or prolonged viral shedding can contribute to viral transmission [3] .
Similarly to our case, other authors have revised infection control measures in their wards, as standard were not apparently effective to control an HPIV-3 nosocomial outbreak [3] . Emphasis on hand washing, barrier nursing, as well as avoiding contact between patients' carers seem to be necessary in this kind of virus infection.
A retrospective phylogenetic analysis helped us to determine that our cases were genetically related, including two other patients that shared contiguous spaces, suggesting a nosocomial outbreak of HPIV-3. Moreover, we showing multiple and bilateral small peribronchial nodules, with a tendency to consolidation. e High-resolution CT scan of the lungs, which shows small peribronchial nodules discovered that at least four of the patients had had a direct contact during the last time they had been at the hospital. A limitation of the present study is that screening of health carers and workers was not performed.
Regarding treatment, although its efficacy has not yet been demonstrated, intravenous and inhaled ribavirin have been used by some authors, suggesting a slight benefit if the drug is given at an early stage of the infection [5] . In fact, the administration of ribavirin with or without IVIG had no effect on the 30-day mortality in a series of 253 HSCT patients [11] . For this reason, we decided to administer symptomatic treatment and substitutive IVIG to our patients.
In summary, HPIV-3 infection causes lower respiratory tract infections and prolonged fever in children with acute leukemia. Other extra-pulmonary manifestations, like parotitis, could appear too. The early diagnosis of HPIV-3 infection using multiplex real-time PCR in symptomatic patients is important in order to insist on infection control measurements to avoid nosocomial transmission in this immunocompromised population.
